Ecosystems are interactive systems involving communities of species and their abiotic environment. Tumors are ecosystems in which cancer cells act as invasive species interacting with native host cell species in an established microenvironment within the larger host biosphere. At its heart, to study ecology is to study interconnectedness. In ecologic science, an ecologic network is a representation of the biotic interactions in an ecosystem in which species (nodes) are connected by pairwise interactions (links). Ecologic networks and signaling network models have been used to describe and compare the structures of ecosystems. It has been shown that disruption of ecologic networks through the loss of species or disruption of interactions between them can lead to the destruction of the ecosystem. Often, the destruction of a single node or link is not enough to disrupt the entire ecosystem. The more complex the network and its interactions, the more difficult it is to cause the extinction of a species, especially without leveraging other aspects of the ecosystem. Similarly, successful treatment of cancer with a single agent is rarely enough to cure a patient without strategically modifying the support systems conducive to survival of cancer. Cancer cells and the ecologic systems they reside in can be viewed as a series of nested networks. The most effective new paradigms for treatment will be developed through application of scaled network disruption.
Introduction
"Cancer is no more of a disease of cells than a traffic jam is a disease of cars. A lifetime of study of the internal combustion engine would not help anyone to understand our traffic problems. The causes of congestion can be many. A traffic jam is due to failure of the normal relationship between driven cars and their environment and can occur whether they themselves are running normally or not."
D.W. Smithers, Lancet, March 1962 (1)
An ecologic approach to understanding cancer Cancer remains the second leading cause of death in the United States, with a projected 1.6 million new cases and 577,000 deaths in 2012 (2) . The global burden of cancer continues to grow, from more than 12.7 million new cases in 2008 to an estimated 15 million by 2020 (3) . The last decade has seen an explosion in the understanding of cancer as a systemic disease. Hanahan and Weinberg, in their landmark 2000 and 2011 papers, described 8 hallmarks of cancer as an organizing principle to help explain the complexity of tumorigenesis (4, 5) . These hallmarks include sustaining proliferative signaling, evading growth suppressors, resisting cell death, enabling replicative immortality, inducing angiogenesis, activating invasion and metastasis, avoiding immune destruction, and deregulating cellular energetics. These cancer cell properties are facilitated, at least in part, by genetic instability that results in tumor cell heterogeneity and are enabled by the proinflammatory components of the tumor microenvironment (1, (5) (6) (7) (8) . As Smithers so eloquently pointed out 50 years ago, cancer is about more than just the cancer cells.
Ecology provides a framework for understanding cancer cells and their surroundings in a human host. An ecosystem encompasses all of the organisms in a given area and their interactions with the physical environment (Table 1; ref. 9 ). Cancer cells exist within a complex ecosystem populated by host cells including fibroblasts, endothelial cells, and leukocytes, supported by a scaffold of extracellular matrix (10) (11) (12) (13) . Designing new therapies for cancer based on an ecologic framework (ecotherapy) allows for the application of precision medicine principles (e.g., the use of integrative sequencing results to identify actionable targets from the mutational landscape of cancer cells) while adding in therapies that attack host cell support systems within the tumor ecosystem (10) (11) (12) (13) (14) .
Ecotherapy can be applied to the primary tumor as a single population or to metastatic cancer. Ecologic science defines a metapopulation as a group of spatially separated populations of the same species that interact at some level. Metapopulations are often part of metacommunities, sets of local communities linked by multiple, interacting species (15, 16) . In cancer, this framework can be applied to metastases. Eventually, many cancers, if left untreated, take on the classic characteristics of an invasive species by metastasizing to new environments ( Fig. 1; refs. 17, 18 ). Cancer cells extravasate from the primary organ, survive circulation by hitching a ride with normal cells, and then intravasate and set up residence in a new organ. After a period of lying dormant, these cells eventually grow, destroying the local ecosystem through proliferation and spread (ecologic impact). Prevailing thought has been that metastases act as independent populations of cancer cells once they are established in a new site. Recent evidence, however, suggests that this is likely not true. Norton and Massague have shown that metastasis is a multidirectional process whereby cancer cells can seed distant sites as well as the primary tumor itself in a process of "self-seeding" (19, 20) . Similarly, it has been shown that many host cells move between tumor sites (21) (22) (23) (24) (25) . Metastatic regions, therefore, act as metacommunities in exchanging species (tumor and host cells) and information.
Ecologic networks model interactions within an ecosystem as links between communities or species, which serve as nodes. Disruption of the ecosystem, whether it is at the scale of a local tumor microenvironment or at the level of metacommunities present in the host biosphere, can be accomplished through extinction of a node directly or by link (communication) disruption. This paradigm allows new ways of thinking about when and how to treat cancers. For example, the eventual proliferation of disseminated tumor cells could be slowed or halted by arresting the supportive interconnections forming during their period of dormancy (26) . Consideration of both node and link targeting in reference to the scaled networks of cancer will offer insights to the cancer community for the design of cancer treatment strategies (27) .
The scaled networks of cancer
Cancer is best understood as a complex system of interacting scaled networks influenced by local and distant factors ( 
Translational Relevance
Although the last decade has seen an explosion in the understanding of cancer as a systemic disease, cancer remains a major cause of morbidity and mortality. Tumor growth and metastasis are consequences of genetic instability resulting in tumor cell heterogeneity and are further enabled by the proinflammatory components of the tumor microenvironment. An ecosystem is defined as the organisms in a given area interacting with their environment. Cancer cells exist within a complex ecosystem populated by host cells including fibroblasts, endothelial cells, and leukocytes within a scaffold of extracellular matrix. Designing new therapies for cancer based on an ecologic framework (ecotherapy) allows for the application of precision medicine principles (e.g., the use of integrative sequencing results to identify actionable targets from the mutational landscape of cancer cells) while implementing more comprehensive therapeutic regimens that attack host cell support systems within the tumor ecosystem. of individual molecules interacting through the linkage of signal transduction pathways and the cytoskeleton. Within the tumor microenvironment, the cancer cells and different host cell types act as nodes that are influenced by linkages to the extracellular matrix and the exchange of soluble factors such as chemokines and cytokines. At the patient level, the primary tumor and its metastases act as metacommunities (nodes) interacting through cell trafficking and the exchange of humoral factors (links). Primary and acquired resistances seem to result from the concomitant activation of multiple, often overlapping, growth and signaling hallmark pathways (28) . The next generation of cancer therapy should combine personalized data derived from cancer cells through integrative sequencing technologies with agents that target all levels of the cancer ecosystem using the concept of scaled network disruption (14, 29) . Such a therapeutic scheme would concurrently or successively employ agents targeting not only nuclear and cellular networks of interest, but also cellcell interactions within a tumor microenvironment, longer range interactions among cancer metacommunities, and interplay between the host biosphere and tumor metacommunities.
The Nuclear Network
It is possible for a species within an ecosystem to be destroyed directly, for example, using pesticides to kill insects. This approach is analogous to using chemotherapy and targeted agents (30, 31) . This has proven to be an inefficient approach, and, except for a few notable exceptions, for example, imantinib for chronic myelogenous leukemia, targeting just one component within the nuclear network has rarely resulted in curative cancer treatment (29, 32) . Generally, success in this arena has been the result of combining multiple agents that target different levels of the nuclear network (Fig. 2) . For example, CHOP chemotherapy combines agents that interrupt DNA, RNA, and protein machineries in the nucleus and cytoplasm (33, 34) . Combination strategies that add modulation of histone and nonhistone protein acetylation with histone deacetylase inhibitors have improved therapeutic outcomes of multiple cancers (35, 36) . Cancer cell disruption at the nuclear level is a core component of scaled network disruption, but it must be understood that the adaptive invasive species rarely succumb to one simple blow.
The Cell Network
The networks present in the cell have classically been targeted by cell structure-disrupting agents such as microtubule inhibiting vinca alkyloids and taxanes (Fig. 2) . The last decade has seen an explosion in "targeted therapy" to disrupt cell signaling with antibodies and small molecules directed at inhibiting receptors that activate downstream pathways and/or kinases ( Fig. 3; refs. [37] [38] [39] [40] . Deregulation of receptor tyrosine kinases (RTK) has been shown in a wide variety of cancers. Multiple RTKs have been targeted through inhibition of their upstream receptors through blocking antibodies or small molecules (37) (38) (39) (40) . A second effective strategy has been to block signaling of RTK catalytic activity with small molecule inhibitors. Examples of low molecular weight TK inhibitors include imatinib, targeting tumors with mutant c-Kit, and erlotinib, targeting cancers with mutant epidermal growth factor receptor. RTK inhibition is now being combined with multiple traditional chemotherapeutics as well as newer targeted agents for network disruption at the nuclear and cellular levels.
In addition, therapies are being developed that disrupt cell metabolism such as the proteasome as well as chaperone molecules (41, 42) . The ubiquitin-proteasome pathway is the major intracellular mechanism for controlled protein degradation and is an attractive target for disrupting intracellular cancer networks because the majority of cellcycle regulators and modulators of apoptosis are degraded via this pathway. The first agent to be approved to target the proteasome is bortezomib in the treatment of multiple myeloma (41, 42) . This agent is now being combined with other therapeutics to improve therapeutic outcomes (43) .
The Tumor Microenvironment Ecosystem Network
Within the context of ecology and Darwinian evolution, the most efficient way to kill a species is to alter its ecosystem. For instance, it is easier to drain a swamp than to try to kill all of the mosquitoes with pesticide. This approach, however, also kills all of the other species living in the swamp. The challenge in patients with cancer is identifying and eliminating nonessential elements of the tumor environment that are promoting the growth of cancer cells. These nonessential elements may be host cells elements of the biotope that are promoting cancer growth (10) . The extracellular matrix, acting as a node in the microenvironment network, has been shown to regulate cell functions, cell metabolism, and cell-cell interactions (44) (45) (46) . For example, matrix-associated resistance to therapy via upregulation of cellular survival programs in response to PI3K/ mTOR inhibition was recently shown, further magnifying the apparent need for therapeutics targeting the extracellular matrix (47) . The targeting of nonessential tumor microenvironment components has already been applied to cancer treatment with success. The use of bisphosphonates (targeting the biotope of bone by binding to the bone matrix) has been shown to reduce skeletal-related events in multiple cancers including breast, prostate, and myeloma (48) . Thus, the host cells act as nodes that can be targeted through direct inhibitors or strategies that interrupt the communications between them and the supporting ecosystem. At any given time, a cancer cell is interacting with more than 20 different species of host cells, providing a multitude of potential nodal and link targets (10) . Examples of targeting nodes directly include inhibiting host endothelial cells through RTK antiangiogenic therapy or modulating T-cell responses to the presence of cancer (49, 50) . Strategies to inhibit network links are also being used, but further development is needed. Bevacizumab is used to bind the cancer cell produced soluble signal VEGF, inhibiting the signal and subsequent growth of the host endothelial cells (49, 51) . Strategies that inhibit other nonessential host cells such as tumor-associated macrophages and cancer-associated fibroblasts are being studied (52, 53) .
The Metastases Metacommunity Network
It has now been established in multiple experimental systems that cancer cells traffic between tumor sites within the host (19) (20) (21) (22) (23) (24) . In addition, multiple host cells, including hematopoietic stem cells, endothelial progenitors, cancerassociated fibroblasts, and inflammatory mononuclear cells (T-, B-, and monocytes) seem to traffic freely between tumor sites (19) (20) (21) (22) (23) (24) . This is analogous to cities connected by highways with traffic moving between them. The most direct application of disrupting the metastasis metacommunity is the treatment of solitary metastases or minimal metastatic disease, resulting in decreased tumor burden and increased life for the patient. Although rarely curative, resection of metastases in colon, renal, GIST, breast, and lung cancers seem to have palliative benefits in many patients (54, 55 
The Host Biosphere Network
Cancer is an endocrine organ that affects the host at a systemic level. The traits that a cancer acquires to successfully grow and metastasize to distant sites produce multiple factors that result in different clinical syndromes that are lethal for the patient (56) . The reasons patients succumb to cancer can be roughly divided into 2 categories: death due to specific organ involvement with subsequent organ function failure (e.g., metastases to the brain), or death due to a variety of clinical syndromes that have a common theme of cytokine overproduction. We have previously shown that multiple cytokines, including interleukin (IL)-6, IL-1, IL-11, CCL2, CXCL12, TGF-b, and TNF-a, are commonly produced by the majority of metastatic cancers and are important mediators of the lethal phenotype. These cytokines represent an ecologic network link between the metacommunities of cancer cells and lead to morbidity and mortality by causing cancerrelated syndromes, including cachexia, thrombosis, and dyspnea. Interventions that disrupt these links have the potential not only to decrease the morbidity of cancer, but also to increase the lifespan of patients suffering from cancer (Table 3) .
Conclusions
Despite many advances, cure rates for advanced cancer remain low. There is an imperative need to identify new targets to treat metastatic cancer using novel and existing agents. The current state of treatment based on "personalized oncology" faces the challenge that it defines cancer cell aberrations that occur only in an individual's tumor without taking into account how these aberrations are related to the tumor microenvironment and how they relate to the host patient in which the malignancy resides. The targets identified through these advances will need to be used in context of the different biologic networks in which those mutations reside. This requires an expansion in thinking from targeting cancer cells solely at the nuclear and signal transduction levels to targeting multiple network levels by disrupting the nodes and links at every level of the cancer ecosystem, that is, scaled network disruption. Moving theory to practice begs the question of how to take the concepts of ecotherapy and scaled network disruption to make them actionable. Virtually all therapeutic advances require the incremental addition of a single agent to a current regimen, within the jurisdiction of few scaled networks. This stepwise progression in treatment affects one additional link or node on whose dependence the cancer cell is more easily attenuated than if a larger-scaled therapeutic approach were employed. Thus, incremental therapeutic evolution has proven to be a slow process and may never identify additive or synergistic effects of combining multiple agents across the network scales.
Data mining through bioinformatics and computational medicine applications applied to freely accessible cohorts of patients could be of major help to the community. For example, multiple studies have suggested, but never definitively, that patients on anticoagulation therapy may survive longer (57, 58) . One can speculate that 
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